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ACNE VULGARIS 
STUDIES IN PATHOG ENESIS: FATTY A CIDS OF HUMAN SURFACE TRIGLYCERIDES FROM PATIENTS 
WITH AND WITHOUT A CNE* 
ROBERT E. KELLUM, M.D t AND KATHE STRANGFELD 
ABST.RACT 
A qualitative study of fatty acids of huma n surface triglycerides (41 sa mples from 31 
youn g men) is reported , with quantitative comparison of fatty acids of human surface tri -
glycerides from 20 young men , 12 with ac ne and 8 without ~cn e . 
A total of 59 peaks were found by gas-liquid chromatography, rep resen ting 59 tr iglyc-
erid e fatty acids from n- C. to n-C 1a· Of these 59 fa tty ac ids, onl y one was fo und to be 
present in s ignifi cantly grea ter a mounts in pat ients with acne, the fatty acid with ca rbon 
number of 17.52 (on nonpolar liqu id phase). Whether this fatty ac id has a ny role in the 
pathogenesis of acne can only be postulated. Several a lternatives of its possible che mica l 
s tructure a re discussed. 
The absence of significant qualitative or qua ntitative differences in the n-C 8 to C 1 4 fatty 
acids from skin surface t riglyce rides of patients with acne probably exc ludes t his a lterna -
t ive as a major pathogenic fa ctor in acne. 
The pathogenic factors in acne vul ga ris, an in -
f1am matory process involving t he pilosebaceous 
units of huma n s kin, have not been completely 
defined . A current hypothes is proposes that free 
fatty ac ids (FFA) produce an irri ta n t dermatitis 
of the wall of sebaceous follicl es which leads, in 
turn to the variety of clinica l les ions seen in pa-
tients with acne (1- 4). 
What is the source of t hese FFA? Severa l pos-
sible sources of FFA on human skin have been 
suggested, including 1) wax esters, 2) terol este r , 
3) FFA from the population of folli cular and sur-
face micro -o rganis ms, or 4) t he sebaceous gland 
triglycerides. The first t hree a lterna tives have 
a pparently been exc luded (2, 5- 6), so t hat t he 
sebaceous gla nd t ri glyce rides rema in as the most 
likely source of .FFA. Subsequent work has a lso 
demonstrated t hat t he predo mina nt follicul a r 
microorgani s m, Corynebacterium acnes ( . 
acnes), possesses the abi lity to hydrolyze tr iglyc-
erides to yield FFA (7- 9). 
If the working hypothesis is true that sebaceous 
gla nd tri glyce rides serve as t he source of FFA, 
then severa l a lternatives need to be exa mined, 
and t hese have been fram ed in to severa l ques-
tions. Do patients with acne have a different 
spectrum of fatty acids in their sebaceous gla nds? 
Are certa in fa tty ac id chain lengths more irri -
tating to huma n skin than others? Do pa t ients 
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with ac ne have a greate r suscept ibili ty t han 
normal to irri ta ti on by these fatty ac id ? Are 
g,reate r a mounts of fatty acids being li berated by 
enzy matic hydrolys is of t he t ri glycerides in the 
sebaceous duct a nd hair fo llicle of t he youn g adul t 
with acne? Are these t ri glycerides more eas ily 
hydr lyzed t ha n t hose of the norma l young man? 
Is there a selective release of more irri tati ng acids 
in the pat ient with ac ne? 
The present study was underta ken to a nswer 
t he first of these questions, i.e. , do patients with 
acne have a differen t spectrum of fatty ac ids in 
t heir ebaceous gla nd trig lycerides? The assum p-
t ion was made t hat t he t riglyce rid es found in 
human s kin surface lipids were rep resentative of 
the tri glycerid es being synthes ized in the seba-
ceous gland , i.e. , there was not a selective hyd rol-
ysis of any particular chain length of fatty acid, 
nor was there in termolecular excha nge of fatty 
acids from the time of holoc rine breakdown of 
sebaceous ce ll s to t he t ime of li pid collection on 
the huma n skin surface. T hus, the a na lys is of the 
fa tty ac ids of skin surface t riglycerides of patients 
with acne could be compared wi th the spectrum 
of fatty ac ids from skin surface t ri glycerid es of 
patients wi thout acne. 
S ince such a qua li tative a nd quantitative a na l-
ysis of triglyce ride fatty ac id was dependent 
upon the develop ment of a reproducible method 
for conservation of t he en t ire spectrum of fatty 
acids, a t ra nseste ri fication technique was used to 
preserve the volati le a nd water-soluble shorter 
chain len gth fatty acids. Since the ti me of our 
first report on the shorter cha in length fatty acids 
in 1966 (10) , qualitative studi es have been com-
pleted on 41 sa mples from 31 youn g men. 
The presen t study summarizes the qualitative 
results from t hese 41 amples a nd reports a quan -
titati ve compa ri son of t ri glyceride fatty acids 
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from 12 patients with acne and 8 patients without 
acne . 
MATERIALS AND METHODS 
Young men between the ages of 14 and 25 served as 
volunteers for the collection of human skin surface t ri -
glycerides for qualita t ive analysis over the past five 
years. For the quantitative study of 20 samples, young 
men between the ages of 14 and 16 served as the source 
of the lipid sa mples. After careful preparation and pre-
cautions to avoid external contamination during the 
collection period, the skin of the face of each individual 
was wiped in a systematic pattern with 15 fat-free 
cotton balls soaked in diethyl ether on three consecutive 
days. The cotton balls we re extracted with . 
chloroform/methanol 2: 1 (v/v), first with 60 ml and 
then three times with 20 ml each. The extracted lipids 
were filtered through fat -free filter paper, the solvents 
were blown off with nitrogen and the sa mple was 
weighed. 
To sepa rate the FFA from the total lipid sa mple, the 
three wipings from each individual were combined in 
hexane in a separatory funnel. Twenty ml of 0.06 N 
NaOH in 50% ethanol/water were added, shaken, and 
afte r left standing to separate into two phases. 
The basic FFA fra ction was removed , counterwashed 
once with 20 ml , then three times with 10 ml each of 
hexane . All hexane washings were pooled and counter-
washed with water. The hexane was evaporated with 
nitrogen and the sample weighed. 
The neutra l lipids were chromatographed on silicic 
acid columns with the following dimensions: column 
diameter of 25 mm I.D ., packed height 10 em. The fol -
lowing elution scheme was used: 
Fr. 1-170 ml hexane- hydrocarbons 
Fr: 2-220 ml 4% benzene in hexane - squalene 
Fr. 3-170 ml 20% benzene in hexane - sterol esters 
Fr. 4-180 ml 20% benzene in hexane - wax esters 
Fr. 5-150 ml benzene - t riglycerides 
Fr. 6-150 ml benzene - ·steroids 
Fr. 7-100 ml methanol - polar lipids 
The methyl esters of the triglyceride fractions (Frac-
tion 5) were prepared as fo llows: The solvent was evapo-
rated and 1 ml 0.25 N sodium methoxide (Matheson, 
Coleman and Bell , No. SX635) in methanol * (spectra-
quality) was added to the sample. The tube was sealed 
with Teflon tape (Pilot, Pipe thread tape No. 234, The 
Beldam Packing and Rubber Co., Ltd ., Pilot Words, 
Windmill Road, Brentford, Middlesex, England) and 
heated in a 60° C water bath for one hour or until no fat 
globules remained. One ml saturated sodium chloride 
solution was added to the cooled sa mple, followed with 
2 ml pentane (spectroquality). The sample was shaken 
and the pentane was carefully pipetted, the sa mple was 
extracted a second ti me with pentane and added to the 
first extract. The solvent was evaporated gently with 
nitrogen without heat until only about 0.1 ml pentane 
remained. A portion of the sa mple was taken up imme-
diately into a microsyringe and injected onto the gas 
chromatograph to avoid loss of shorter chain fatty acid 
methyl esters. A blank control was run with each 
sample to check for purity of method and solvents. 
* Modified method of J. M. deMan: Determination of 
the fatty acid co mposit ion of mild fat by dual column 
temperature programmed gas-liquid chromatography. J . 
Dairy Sci. 47: 546, 1964. 
Gas-liquid chromatography was done on 22 foot, 
seamless, stainless steel columns (1.8 mm inside diame-
ter) packed with 8.4 gm of si lanized, acid-washed ch ro-
matographic support coated with 9% SE-30, with flow 
rate of -50 cc/min helium, at 125 degrees and 205 de-
grees C. Appropriate reference compounds were used as 
external standards, and rela tive carbon numbers were 
ca lculated by the method of Woodford and van Gent (11) . 
The areas of the peaks were quantitated by computer, 
with the equipment and Fortran computer program de-
scribed by Kittinger (12). The linearity of detector re-
sponse and the accuracy of the computer program was 
confirmed with the National Institute of Health (NIH) 
standard "E" with errors for individual peaks ranging 
from 0 to 5% and average error of < 4%. 
RESULTS AND COMMENTS 
The qualitative spectrum of fatty acids (C 8 -
C 18) from human surface triglycerides (believed to 
be a lmost exclusively from sebaceous glands) con-
s isted of 59 different fatty acids, reported in 
Table I by their carbon numbers on nonpolar 
liquid phase (SE-30). The quantitative spectrum 
of triglyceride fatty acids is reported in Table I , 
for 12 patients with acne a nd 8 patients without 
acne, as the median percentage and range of each 
fatty acid in each group . Trace amounts of fatty 
acids with cha in lengths below C 8 a nd above C 1 8 
were present, but t hese were not analyzed further . 
Table II reports the percent of fatty acid in 
each sa mple in the n-C 8 to n-C, 2 range, and in 
the n -C 8 to n- C 14 range fo r both groups. No s ig-
nificant differences in percentages of fatty acids 
in t hese two areas were found. We b elieve this 
exc ludes t he a lternative that a quantitative per-
centage difference exists in t he n -C 8 to n-C 14 
ra nge of triglyceride fatty acids from patients 
with acne. 
Of the 59 fatty acids from human surface triglyc-
e rides only one of the fatty acids from patients 
with acne was found to be present in s ignificantly 
greater amounts t han those from patients without 
acne, the fatty acid with carbon number of 17.52 
on SE-30 (Table III) . The two groups were signifi -
cantly different by the t-test (P > 0.001). The 
media n percentage of this fatty acid was almost 
two a nd one- ha lf t imes greate r in the ac ne group. 
Except for one patient wit h acne with 0.56% of 
th is fatty acid, there was no overlap of values 
between the two groups (Tab le III). 
Attempts were made to characterize the fatty 
acid furt her. The peak di sappeared after hydro-
genation ; thus, it must be unsaturated . The new 
position of the peak after hydrogenation, however, 
was lost among the other fatty acids present. At-
tempts have been unsuccessful to iso late by gas 
chromatography a sufficient amount of the fatty 
acid for rechromaLography on polar liquid phase. 
Whether thi s fatty acid has a role in the patho-
genes is of acne, however, can on ly be hypothe-
s ized . 
Several a lternatives for the structure of this 
fatty acid need to be cons idered, and these fall 
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TABLE I 
Fatty acids (n-C 8 to n-C ,,.) of human surface triglycerides from y oung white men aged 14 to 16, reported by relatiue 
carbon number on nonpo lar liqu.id phase (SE-30), ond median percentage and range of each acid 
Ca rbon Acne ( 12 pul icnt s) Normn l (8 pu1icn1s) 
number!' 
(on SE-30) Mcd ion % Runge l'v1cdinn 01n Runge 
8.00 0.03 0.01- 0.06 0.05 0.01 - 0.07 
8.27 trace tr- 0.01 trace tr- 0.01 
8.36 0.01 tr- 0.03 0.01 tr- 0.02 
8.48 trace tr- 0.02 0.0.1 tr- 0.04 
8.58 0.01 tr- 0.02 0.02 tr- 0.08 
8.71 0.02 tr- 0.1 0.02 tr- 0.1 
8.78 0.07 0.02- 0.23 0.22 0.13- 0.48 
9.00 0.01 tr- 0.03 0.03 0.02-0.14 
9.16 0.01 tr- 0.03 0.02 0.01 - 0.09 
9.32 trace tr- 0.01 trace tr- 0.01 
9.47 trace tr- 0.01 0.01 t r- 0.05 
9.60 0.01 tr- 0.05 0.02 tr- 0.09 
9.72 trace tr- 0.01 trace tr-0.01 
9.83 0.01 tr- 0.02 0.02 tr- 0.03 
9.92 0.03 0.02- 0.03 0.03 0.02- 0.08 
10.00 0.05 0.01- 0.08 0.09 0.04 -0.15 
10.21 trace tr- 0.02 0.01 tr- 0.03 
10.37 0.01 tr- 0.06 0.02 t r- 0.03 
10.46 trace tr- 0.02 0.03 tr- 0.11 
10.53 0.09 0.07- 0.11 0.11 0.07- 0.16 
10.65 0.01 tr- 0.02 0.02 Lr- 0.05 
10.72 0.02 tr- 0.04 0.02 tr- 0.07 
10.85 0.01 tr- 0.03 0.02 Lr- 0.04 
10.94 0.02 Lr- 0.03 0.02 tr- 0.24 
11.00 0.06 0.02- 0.1 0.07 0.04 -0.34 
11.03 0.02 tr- 0.08 0.06 0.05-0.23 
11.22 0.13 0.02- 0.2 0.2 0.11- 0.38 
11.39 0.01 0.06 
11.47 0.03 0.02- 0.06 0.03 0.01 -0.06 
· TABLE ll 
Percentage of fa tty acids (n-C, to n -C 12 range, and n-C, 
to n.-C,. range, including unsaturated and bran ched 
acids) from human. surface triglycerides of young men 
with and without acne (ages 14 to 16) 
Potients with- Pnt icnt.~ n-C,-CI2 n-C11- C11 with acne n-C,-C., n-C,-C1 , out ocne (8) ( 12) 
Nl 3.47 18.58 A1 2.58 18.17 
N2 5.90 23 .32 A6 2.49 16.98 
N3 2.43 15.33 A12 2.56 16.76 
N5 2.62 15.52 A2 2.83 19.07 
N7 2.4 1 16.26 A7 2.33 17.75 
N4 2.80 15.35 A9 2.12 14.75 
N6 2.87 17.4 2 A22 2.09 15.35 
N8 3.93 19.46 A3 2.68 16.31 
A13 L.88 14.93 
Al5 2.67 19.36 
AI? 2.52 18."6 
A20 3. 17 20.55 
Median % 2.84 16.84 2.54 16.36 
Ca rbo n Acne ( 12 pul icnt~) Nnrmnl (8 patien ts) 
numbers 
(on S I0:-:30) !VIed inn % IU.ngc Med ian r; Hon~e 
11.52 0.16 0.08-0.25 0.14 0.02- 0.31 
11.55 0.02 0.29 
11.64 0.06 0.03- 0.1 2 0.05 tr- 0.33 
11.82 0.04 0.02- 0.05 0.04 0.01- 0.08 
11.89 0.14 0.1 0- 0.19 0.11 0.07- 0.26 
12.00 1.44 1.02- 1.81 1.45 1.11- 2.07 
12.53 0.69 0.49- 1.10 0.73 0.59- 0.93 
12.72 0.53 0.20- 0.76 0.69 0.40-0.97 
13.00 0.58 0.44- 0.96 0.58 0.39-0 .89 
13.17 0.05 tr- 0.11 0.11 0.06- 0.19 
13.47 0.17 t r- 0.32 0.19 0.09- 0.27 
13.62 0.30 tr-0.60 0.18 0.06- 1.65 
13.78 3.00 2.34- 4.13 2.52 2.24- 2.86 
14.00 9.33 8.19-10.95 8.65 7.61 - 10.60 
14.46 2.66 2.07- 3.66 3.29 2.60-3 .79 
14.64 1.13 t r- 2.20 2.86 0.18- 3.07 
14.74 3.95 2.56- 5.20 3.23 2.79- 5.28 
15.00 6.52 5.45- 8.17 6.48 5.33- 8.40 
15.08 0.24 tr- 0.43 0.06 tr- 0.76 
15.43 1.03 0.34- 1.76 1.32 1.04- 1.91 
15.78 19.51 .16.64- 22. 74 17.66 15.78- 21.22 
16.00 23.07 20.65- 25.27 23.37 19.13- 25.23 
16.40 0.91 0.53- 1.82 1.07 0.47- 1.80 
16."4 3.01 2.49- 3.35 3.14 2.54- 4.01 
16.76 3.47 3.02- 4.40 3.67 2.93- 4.32 
17.00 1.26 1.03- 1.92 1.40 1.11- 1.73 
17.34 0.09 tr- 0.54 0.15 tr- 0.54 
17.52 1.68 0.56- 2.09 0.65 tr- 1.08 
17.78 11.11 9.99- 13.40 11.55 10.40- 13.74 
18.00 2.65 1.81- 3.24 2.92 2.60- 4.00 
TABLE III 
Percentage of fat ty acid (relative carbon number of 
17.52) present in. human surface trig lycerides from 
patients with and without acne (a.ges 14 to 16) 
Pnt.ient l'> wi thout 
"" 
Patients with % acne (8) l\CilC ( 12) 
N1 t race AI 1.16 
N2 trace A6 1.68 
N3 0.93 A12 1.80 
N5 1.08 A2 1.40 
N7 0.84 A? 1.66 
N4 1.02 A9 1.79 
6 0.43 A22 2.09 
N8 0.47 A3 0.56 
Al3 1.92 
A15 1.42 
Al 7 1.42 
A20 1.75 
Median % 0.65 Median % 1.68 
Range tr- 1.08 Range 0.56- 2.09 
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into two major groups: stra ight cha in unsaturated 
or branched cha in unsaturated . If t he fatty acid is 
stra ight cha in unsaturated , the carbon number of 
17.52 suggests a) stra igh t cha in unsaturated C,. 
or c20 with three o r more double bonds, or b) 
straight cha in unsaturated C ,8 with two (or pos-
sib ly three) double bonds (even linoleic or lino-
len ic acid are possibilities). 
If t he fatty acid is branched cha in unsaturated, 
a more difficult problem arises, sin ce the syn -
thetic pathway for t he branched chain fatty acids 
pec uliar to human surface lipid has never been 
defined . T he major a lternative for branched cha in . 
fatty ac id synthes is of sebaceous gla nd li p id may 
res ide in the other biosynthetic pathway known to 
exist in t he human se baceous gla nd , the pa thway 
for condensation of mevalonate to farnesy l py ro-
phosphate, a nd ul t ima tely to sq ual ene. Thus, 
some of the a lternatives for synthes is of bra nched 
unsa turated fatty ac ids would include a) fatty 
acids formed by t he addition of 3-carbon ma-
lonyl -ACP (acyl carrier protein) units to a s ingle 
molecule of isopentenyl py rophosphate or other 
intermediate, o r b) condensation of two or more 
molepul es of isopenteny l pyrophosphate, or other 
in termediate, with subsequent add ition of 3-
ca rbon malonyl -ACP uni ts. A t hird a lternative for 
branched cha in fatty ac id synthes is would be the 
addition of 3-ca rbon malonyl -ACP units to 
branched amino ac ids (valine, leucine, isoleucine, 
etc) (13- 14). Such cha in extension by malonyl -
ACP units of t he metabolic breakdown products 
of branched a mino acids (va li ne isobutyryl-
CoA; leuc ine - • isovalery l-CoA; iso leucine - • di -
methy l butyryi-CoA) wou ld lead to branched sat-
urated and unsaturated fatty ac ids. In pre limi -
nary experim ents, howeve r, we have been unab le 
to demonstrate in corporat ion of radio -labe led 
branched ami no ac ids in to branched fatty acids 
by isolated huma n sebaceous gla nds. 
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